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AF contains nutrients and growth factors that facilitate fetal growth and provides mechanical cushioning and antimicrobial properties that protect the fetus. The human amnion is a single layer of epithelial cells separating the amniotic cavity from the vascularized chorion. Early in gestation these amniocytes are flattened; however, as pregnancy progresses, they become cuboidal and have increasing numbers of microvilli on their apical surface. Tortuous intercellular channels exist between the tight junctions of amniocytes. Vascular endothelial growth factor (VEGF) in the fetal membranes appears to be a mediator of this process. VEGF promotes blood vessel development within the amnion and influences the permeability of the microvessels, which perfuse the fetal and placental surfaces (11) .
AF also contains carbohydrates, proteins and peptides, lipids, lactate, pyruvate, electrolytes, enzymes, and hormones. The concentration of epidermal growth factor in amniotic fluid is fourfold greater than in maternal serum. AF also contains transforming growth factor (TGF)-α, TGF-β1, and fibroblast growth factor (FGF). In a recent study, Moshiri and Oryan (12) demonstrated the effectiveness of FGF in restoring the morphologic and biomechanical properties of injured tendon in rabbits 13, 14. The innate immune system is the first line of defense against pathogens and includes anatomic and physiologic barriers, enzymes and antimicrobial peptides, and phagocytosis and release of proinflammatory mediators by neutrophils and macrophages. Many of the substances that constitute the innate immune system have been identified in AF and have been shown to have significant antimicrobial properties, including α-defensins (human neutrophil defensins 1-3), lactoferrin, lysozyme, bactericidal/permeability-increasing protein, calprotectin, secretory leukocyte protease inhibitor, psoriasin (S100A7), and a cathelicidin (15) . These potent antimicrobials have shown broad-spectrum activity against bacteria, fungi, protozoa, and viruses. Perhaps the most important of these are the α-defensins (human neutrophil defensins 1-3), which are found in significant concentrations in AF. Furthermore, lactoferrin is a glycoprotein with 2 binding sites for ferric ions. Lactoferrin is likely secreted into the AF by neutrophils and amniotic cells. Lactoferrin has both bacteriostatic activity, owing to the sequestration of iron, which is then unavailable for microbial growth, and bacteriocidal activity, by binding to bacterial outer membranes, triggering release of the lipopolysaccharide lactoferricin. Lactoferricin shows antimicrobial effects against viruses, protozoa, and fungi (16) .
Human AF also contains factors that appear to minimize scarring, such as hyaluronic acid, which is found in high levels in AF and inhibits collagen synthesis. This hyaluronic acid-rich environment results from a relative lack of hyaluronidase in AF and the presence of hyaluronic acid-stimulating factor. In 1 study of the effect of AF on proteases important to wound healing, human AF was shown to enhance collagenase activity but to inhibit activation of hyaluronidase, elastase, and cathepsin 17, 18.
It is also important to clarify the different sources of stem cells. Embryonic stem cells are obtained from the embryo and possess the potential for differentiation into a wide range of cell lineages. Although they hold immense promise to differentiate into the cell type of choice, ethical issues are associated with the use of these cells, and these issues need to be resolved before the promise of therapeutic treatment using embryonic stem cells can be brought into general patient therapeutic treatment plans. Currently, bone marrow (BM) is the most common source of adult stem cells for hematopoietic stem cell transplants and cellular therapies. The stem cells obtained from BM are mesenchymal stem cells (MSCs), which are pluripotent adult stem cells that can differentiate into many different cell types, including osteoblasts, chondrocytes, adipocytes, neurons, cardiac myocytes, and vascular endothelial cells. BM harvest is a surgical procedure that usually requires general anesthesia or sedation, and the proliferative potential and differentiation capacity of the BM MSCs from older donors seems to be reduced. Thus, interest has been increasing in using other sources of stem cells from adult and fetal tissue (1).
Another source of regenerative cells has been the relatively recent practice of preserving umbilical cord tissue and cells. With AF cells, it takes 20 to 24 hours to double the number of cells collected, faster than for umbilical cord stem cells (28 to 30 hours) and BM stem cells (more than 30 hours) (19) . The progenitor cells that are derived have shown a high self-renewal capacity with more than 300 population doublings. In addition, although scientists have been able to isolate and differentiate, on average, only 30% of MSCs extracted from a child's umbilical cord shortly after birth, the success rate for AF-derived MSCs has been close to 100% (20) . Furthermore, extracting cells from the AF bypasses the problems associated with a technique termed donor-recipient human leukocyte antigen (HLA) matching, which involves transplanting cells (19) .
Thus, the amnion has been used as a physiologic wound dressing and as a graft for skin wound coverage 7, 8, 9, 10. Heil et al (21) demonstrated that patients with occlusive vascular disease developed a prominent collateral vascular network below the occlusive site through spontaneous arteriogenesis (the remodeling of existing arterio-arteriolar anastomoses to developed functional arteries) and angiogenesis (new capillary growth induced by hypoxic conditions) after being injected. Human AM has proved to be a versatile temporary biologic dressing in studies involving hundreds of patients during the past century. The first reported use of fetal membranes was in skin transplantation in the early 1900s 22, 23. AM was also used on burned and ulcerated skin surfaces, and clinicians reported a lack of infection, a marked decrease in pain, and an increased rate of re-epithelialization of the traumatized skin surfaces. Others have demonstrated the use of AM as a biologic dressing for open wounds, including burns and chronic ulceration of the legs (24) . In traditional medicine, the first reported use was by Davis (22) in 1910 at John Hopkins Hospital for burns and ocular wounds in 550 cases. Sabella (23) , in 1914, reported similar positive findings. Numerous reports were published during the 1940s and 1950s, until the 1970s when the human immunodeficiency virus/acquired immunodeficiency syndrome became epidemic, and its source was unclear (24) . AM was no longer favorable as a treatment choice until Kim and Tseng (25) , in 1995, presented their findings. Subsequently, published research has been increasing. In 2007, a technique was developed that allowed for aseptic recovery and preservation of viable cells and proteins (26) . The wounds treated with AM responded to a protocol that allowed coverage of tissues as diverse as exposed bowel, pleura, pericardium, blood vessels, tendon, nerve, and bone. Wounds unresponsive to standard therapeutic measures have also responded to application of AM, and human AM dressings have become a useful adjunct in the care of complicated wounds (27) .
Reports on the immunogenicity of human amniotic epithelial cells after transplantation into human volunteers have also been published 28, 29, 30. Amnion, consisting of a monolayer of epithelium on a basement membrane with an underlying collagen matrix containing a few fibroblasts (which, in theory, would express HLAs, although the epithelium itself lacks them), has been transplanted into subcutaneous pouches in normal human volunteers. None of the volunteers showed clinical signs of acute rejection, and amniotic epithelial cells were demonstrated by biopsy up to 7 weeks after implantation. HLA antibodies were not detected in serum samples, and no in vitro lymphocyte reaction to the amniotic cells was found in 2 of the volunteers. These results suggest that acute immune rejection does not occur after allotransplantation of human amniotic epithelial cells. These investigators suggested that an immune response to the graft occurred, it was low grade and chronic rather than active and ineffective, because the amniotic epithelial cells appeared to survive and proliferate 28, 29, 30 . AF progenitor cells do not form teratomas in vivo (31) . In 1979, Trelford and Trelford-Sauder (32) found that AM transplantation promoted epithelial healing, reduced inflammation, increased comfort, and decreased the severity of insufficient vascularization. In 2002, Ucakhan et al (33) did not find any infectious, inflammatory, or toxic reactions related to AM transplantation. Amnion surface epithelial cells do not express HLA-A, -B, -C, or -DR or β 2 -microglobulin 34, 35. Ucakhan et al (33) evaluated safety and efficacy of nonpreserved AM transplantation with or without limbal autograft transplant in acute and chronic eye injuries. In the transplantation of human organs, whether skin, kidney, liver, or other tissue, the major problem has been rejection of the grafted tissue owing to the host immune response. Despite this risk, amnion has been used successfully as a skin graft without concern for tissue typing and matching of the donor to the host (32).
This unique attribute (the lack of immunogenicity) has been described in numerous clinical studies and scientific journals and has led to the characterization of the placental organ as immune privileged. Thus, granulized AM and AF (gAM-AF) has been considered by many to be ideal for use in all patients, including the most immunocompromised, such as post-transplant and human immunodeficiency viruspositive patients, and others with compromised immune systems, who could be adversely affected by human tissue transplantation or infection. The unique biologic structure of amniotic tissue, coupled with the low risk of an adverse host immune response, makes gAM-AF ideal for an in vivo wound covering.
Experimental and clinical studies have demonstrated that AM transplantation promotes reepithelialization, decreases inflammation and fibrosis, and modulates angiogenesis (35) . Several growth factors produced by AM are involved in these processes, including TGF-β and basic FGF (36). Zhang et al (37) described the presence of MSCs in human placenta that were able to differentiate into osteogenic, adipogenic, and chondrogenic lineages and able to suppress T-cell proliferation. In't Anker et al (20) first showed that the AM contains a high number of MSCs with bipotential osteogenic and adipogenic differentiation. Bailo et al (38) , in 2004, researched how to induce AM-hMSCs to differentiate into a variety of cell types. Chondrogenic differentiation, inferred after a 3-week immunohistochemical analysis, demonstrated the presence of human type II collagen. Osteogenic differentiation, the formation of mineralized matrix when cells become flattened and show calcium deposits, was revealed as early as the first week of induction. Adipogenic differentiation resulted in single adipocytic multivacuolar cells, together with small and large colonies, with the size increasing with the length of induction. Large-size aggregates displayed an intensive secretion of large, neutral, lipid drops. This was never observed with BM-hMSC adipogenic cells (39) . Nonstimulated cells were able to give rise to capillary-like structures following the same kinetics but with less organizational efficiency than the induced cells. Cell treatment with VEGF increased the expression levels of both VEGF receptors and was associated with a clear cytoplasmatic granular positivity for von Willebrand factor compared with untreated cells. Loh et al (40) demonstrated that AM-hMSCs expressed mRNA at greater levels than BM-hMSCs, increasing the potential for cell differentiation and the capacity of cells to be induced to form tissue structures far beyond that of BM-hMSCs. Brichard et al (41) demonstrated that AM-hMSCs yield more organized myogenic differentiation than those derived from adipocytes. In't Anker et al (20) demonstrated that AM-hMSCs maintained the potential to differentiate in a multitude of cell types at a greater and more organized rate than MSCs from any other source.
Patients and Methods

Allograft Procurement
AF and AM were harvested from females undergoing cesarian section. The donors and AM and AF were tested to ensure the absence of virus and other abnormalities. After testing, the tissues were processed and cryopreserved, thereby preserving cell viability. The tissue was collected and procured through BioDlogics (BioD LLC, Cardova TN). All the patients who participated in our investigation were informed and voluntarily signed a consent to research form (Supplemental Fig. S1 ), after receiving full disclosure. The allograft used was gAM-AF (AmnioMatrix™), which have been approved by the Amnion donors were prescreened. Testing was performed by an AATB-licensed recovery company, which harvested the tissues. The tests were performed by the Medical Director, which confirmed eligibility through behavioral risk assessment, donor medical history, review of blood test results, and communicable disease testing. Procurement of the amnion tissues was done with an aseptic recovery technique during cesarean section, which was undertaken using a standard sterile technique. It is important to understand that the procurement of gAM-AF does not require fetal death, and its recovery was performed with maternal consent during a live birth. Culturing and toxicity testing were performed before "lot release" to eliminate, as much as technologically possible, the risk of disease transmission. Thus, cryopreservation of the gAM-AF yielded a multipotential tissue matrix that contained live amnion cells, cytokines, proteins, growth factors, and multipotent cells essential for fetal growth and development. Multipotent cells are known to serve as cellular "factories" that secrete mediators that stimulate tissue repair and regeneration and elicit other effects beneficial to wound healing. The main purpose of developing the allograft was to fill, cover, and protect recipient wounds in vivo. Furthermore, in our investigation, it was used as an anti-inflammatory, antibacterial, and antiviral wound covering.
Study Population
To become a participant in the present prospective investigation, potentially eligible patients had to meet the following inclusion criteria: a single, non-infected full thickness foot and or leg wound (diabetic, pressure, arterial, or venous) of at least 12 months duration that was unresponsive to a wide range of therapies, including periodic debridement, moist dressings, eradication of infection and antibiotic therapy, offloading, restoration of vascularity, glycemic control, edema control, and the use of hyperbaric oxygen. The patients who met these criteria during the study period, beginning March 2010 and ending May 2011, were consecutively enrolled into our prospective investigation. The planned study observation period was 12 weeks.
Surgical Technique
The first step was to aggressively debride the wound such that healthy bleeding tissue remained. This step was necessary to create a relatively clean wound bed and generate an inflammatory signal to induce the migration and proliferation of stem cells and growth factors, those delivered to the wound site by application of the amniotic tissues and those recruited from the patient's own immune system. Chemical wound debridement was not used; rather, surgical debridement was used as the sole method of wound surface preparation. After completion of sharp surgical debridement, a specific dose of amnion allograft was calculated. The wound area was measured using the maximal length and width, and the volume was calculated from measurements of the maximal length, width, and depth of the wound. Wound volume was determined by measurement of the maximum length multiplied by the maximum width by the maximum depth. For a wound with a surface area less than 12.5 cm 2 , 0.5 mL of the cryopreserved amniotic tissue and fluid-derived allograft was used. For a wound area of 12.5 cm 2 or larger but smaller than 25 cm 2 , 1.25 mL of amnion allograft was used. For every 25-cm 2 of wound area that was larger than 25 cm 2 , an additional 1.25 mL of amnion allograft was included. This dosing scheme was determined from previous preliminary dose-response laboratory work performed by the allograft company, which showed that larger lesions responded best to larger amounts of allograft, larger lesions took longer to heal unless more allograft was used, and patients with greater degrees of vascular inflow and/or outflow disease also required greater doses than patients without vascular disease. The allograft treatment was initiated on the day of the first debridement of the wound, during the study period, and this day was designated as 0. The allograft was injected into the peri-wound skin that was normal in texture and turgor, free of infection approximately 0.5 cm from the wound edges, after debridement, at the 12-, 3-, 6-, and 9-o'clock positions and directly into the superficial fascia and the subcutaneous tissue of the wound. To minimize discomfort and to ensure an adequate spread of the amniotic tissue, the allograft was mixed with 1% plain lidocaine in a 1:1 ratio. An 18-gauge needle was used to prepare the mixture in a 3-mL syringe, and a 23-gauge needle was used for injection into the recipient tissue. After the first injection of the amnion allograft, additional doses were administered using the same technique at 14-to 21-day intervals until the wound was declared healed or the planned observation period (12 weeks) had ended. The goal was to inject the allograft into the superficial fascia to the level of the subcutaneous tissue, approximately 10 to 15 mm deep to the wound surface, aiming the needle parallel to the wound margin at each location of injection, and depositing the allograft in equal portions.
After each wound treatment session, the surgical site was dressed with a nonporous dressing (Tegaderm™, 3M, St. Paul, MN) followed by application of a nonstick dressing (Telfa™, Covidien, Dublin, Ireland) and a dry sterile dressing of gauze. Three days after injection of the amnion allograft, the wound was redressed, and standard wound care consisting of saline wet to dry sterile gauze dressing was resumed. Concomitant therapies, determined by the primary care physician, included standard glycemic control, wound offloading, and edema control. Offloading was performed using stiff soled shoes with appropriate plastizote accomodative insoles. Lymphedema was managed with the use of an intermittent, sequential, positive-pressure foot-ankle-leg pump applied for 20 minutes 2 to 3 times daily and ranging in pressure from 0 to 100 mm Hg.
The data were analyzed with attention to type and distribution, and the demographic and outcome variables were described in terms of the mean ± standard deviation. Categorical outcomes were defined in terms of frequency counts and percentages. Furthermore, statistical comparisons between the baseline and 12-week follow-up wound measurements were made using the Wilcoxon signed rank test of the null hypothesis. Statistical significance was defined at the 5% (p ≤ .05) level.
Results
A total of 20 consecutive patients (20 wounds) were enrolled in the present investigation from March 2010 to May 2011. All the patients were followed up until either their wound had healed or the end of the observation period (no loss to follow-up). Regarding the etiology, 14 (70%) of the wounds were attributed to diabetic neuropathy and 6 (30%) to arterial insufficiency. Of the 20 patients (20 wounds), 18 (90%) demonstrated 100% closure within the 12-week observation period, and none of the patients required amputation. In the 2 patients (10%) who did not fully heal during the 12-week observation period, the cause of the wound was diabetes and excessive pressure. In 19 (95%) of the cases, the use of gAM-AF appeared to eradicate the presence of sinus tracts and tunneling. None of the patients appeared to experience any adverse events related to the use of the gAM-AF allograft, and no evidence was found to suggest amplification of any existing systemic disease. Regarding concomitant edema control, 6 of the patients (30%) used a positive pressure lower extremity pump on the involved extremity during the course of treatment with the amnion allograft.
A statistical description of the measured outcomes is depicted in the Table. The mean patient age was 63.05 ± 12.64 years at the first administration of the amnion allograft. The mean wound duration was 36.60 ± 31.58 weeks (approximately 9 months), and the mean interval to healing after the first administration of the amnion allograft was 10.5 ± 12.1 weeks (approximately 2.6 months). The mean number of allografts applied during the observation period was 1.9 ± 1.37. The mean wound area at baseline was 10.15 ± 19.54 cm 2 . At the 12-week follow-up examination, the wound area was 2.47 ± 10.59 cm 2 . The decrease in wound area from baseline to the 12-week follow-up visit was 0.935 ± 0.159 (93.5% ± 15.9%), and the decrease in wound volume from baseline to the 12-week follow-up visit was 0.977 ± 0.057 (97.7% ± 5.7%). All 20 wounds showed a clinically significant (>15%) reduction in wound area.
Two brief explanations of representative cases will aid our description of the use of gAM-AF in the treatment of diabetic foot wounds. Patient 1 was a 64-year-old diabetic patient, who required dialysis because of chronic renal failure. This patient had a 24-month history of a nonhealing lateral midfoot ulcer and was under consideration for a transtibial amputation (Fig. 1A) . By 57 days (approximately 8 weeks) of observation, the wound had healed (Fig. 1B) . Patient 2 was an 80-year-old male with peripheral arterial insufficiency, who had undergone interventional vascular reconstruction of his lower extremities, hyperbaric oxygen therapy, and a multitude of topical therapies with no resolution of his painful left leg lesion after 18 months of treatment. The lesion was situated on the anterolateral lower leg and measured approximately 11 mm in length × 7 mm in width × 2 mm in depth at baseline (Fig. 2A) . It had healed by 60 days (approximately 8.6 weeks) after the initiation of gAM-AF therapy. 
Discussion
The wounds described in our report were all intractable and chronic and included those associated with diabetes (i.e., pressure ulcers and venous stasis). Many of them displayed undermining and/or sinus tract or tunneling (ST/T) formation. In general, we have found that lower extremity wounds display shapes characteristic of their etiology. For instance, diabetic foot ulcers typically have a small area and a large volume owing to their depth. In contrast, venous ulcers have a large area but a small volume because of their shallow depth. Pressure ulcers and some diabetic ulcers will also have undermining and/or ST/T formation, which add to the wound volume. The data we have collected and analyzed included multiple measurements of the following parameters: area, volume, undermining, and ST/T formation. This strategy provided sensitivity to the changes in wound progress for each of the considered parameters.
The decrease in the mean wound size documented in the present case series was more rapid than that reported in previous studies. For example, in a retrospective study of 400 persons with pressure ulcers, diabetic ulcers, and venous ulcers receiving a wide variety of treatment modalities, Jones et al (42) documented that 12.75% of the wounds had healed within 3 months. In the present case series, most of the patients demonstrated significant comorbidities, including diabetes, immunosuppressive drug use after transplantation, and severe lymphedema, all of which have been equated with diminished wound healing. The results from our investigation suggest that wounds in compromised patients can progress more quickly toward wound healing using gAM-AF. Subjective clinician observations were also noted. Many reported seeing the undermining and ST/T formation respond first, with volume second and area last. In addition, during the first week of treatment, a noticeable decrease in exudate and an increase in healthy granulation tissue were observed. The results we observed in the present case series suggest that gAM-AF can be helpful in achieving healing of difficult wounds, despite their etiology, the presence of complicating comorbidities (e.g., elderly age, diabetes, renal failure, venous insufficiency), and very long durations of wound presence before application of the amnion allograft. We believe that these observations are important because, although prospective random controlled trials remain the reference standard for determining treatment efficacy, such studies rarely include medically compromised patients similar to those in our case series. Carter et al (43) reviewed the inclusion and exclusion criteria from 17 wound-care random controlled trials and found that more than 50% of the 3,210 patients from 18 outpatient wound centers would have been excluded from 15 of the 17 studies because of common comorbidities and wound complexity.
During the past 30 years, multiple studies have evaluated various growth factors and how they affect wound healing (44) . The published data have suggested that single growth factors, combinations of growth factors in releasates derived from purified platelets, and growth factor-rich products from platelet-rich plasma produced using various methods, can accelerate wound healing. Approaches to therapies using single growth factors have included the clinical evaluation of platelet-derived growth factor (becaplermin), basic FGF, epidermal growth factor, granulocyte-macrophage colony stimulating factor, and keratinocyte growth factor-2. Most displayed promising preclinical data related to the influence of the agent on wound healing in animal models; however, with the exception of becaplermin, the clinical benefits were not fully realized. Braund et al (45) reported that epidermal growth factor, basic FGF, acidic FGF, and platelet-derived growth factor have all shown mixed results. However, TGF-β showed no significant wound improvement, and human growth hormone actually impeded wound healing. Keratinocyte growth factor-2 also showed mixed results (45) . A number of growth factors, including VEGF, epidermal growth factor, platelet-derived growth factor, FGF-2, and dozens of others are released by platelets in wounds. In vitro analyses have shown that each growth factor is a signaling molecule responsible for a specific activity in the wound healing cascade of events necessary to natural, organized wound healing 46, 47, 48.
Everts et al (49) postulated that the need for these multiple growth factors to drive effective healing might explain the limited effectiveness of single growth factors in improving wound healing. Early efforts to develop a multiple growth factor therapy considered that platelets-as first responders in the wound healing process-release hundreds of growth factors, chemokines, and cytokines that regulate angiogenesis, new tissue deposition, and regeneration 50, 51, 52, 53, 54, 55, 56 . It has been demonstrated that a subpopulation of cells in amniotic fluid produces Oct4 mRNA, which is used to maintain pluripotency (57) . Unlike previous efforts, in which researchers had to purify platelets to access the natural complement of all growth factors, using the AM and AF provides a method for delivering all the growth factors and cells that will respond and differentiate into the different cell lineages necessary for wound closure.
The 1995 edition of Diabetes in America documented a mortality rate of 38% to 68% within 5 years after lower extremity amputation (58) . The monthly cost of managing an uncomplicated ulcer, as reported in published studies, has been assumed to reflect the standard of care (59) . The monthly cost of wound care for an ulcer not complicated by infection has been estimated to be $942 compared with the monthly cost of $2,492 for an ulcer complicated by cellulitis and $4,619 for an ulcer complicated by osteomyelitis (these costs have been updated to 2006 dollars using the medical care component of the Consumer Price Index) (59) . An understanding of these costs makes clear the need to heal lower extremity wounds in as rapid and lasting fashion as possible.
AM has many additional advantages, because amniotic tissue is usually discarded, yet it is easily accessible and allows a very high recovery of cells. Under experimental conditions, from day 7 of culture onward, the cellular yield of human AM-MSCs obtained from a very small area (about 4 cm 2 ) of AM was considerably greater than the yield obtained from the same number of BM-derived cells (60) . The number of cells yielded by the primary culture after our procedure (considering 4 cm 2 of AM) ranged from 1.3 to 1.5 × 10 6 . Considering the whole area of the AM (1,300 cm 2 ), ideally the cell number obtained could be about 4 × 10 8 , a suitable amount for cell therapy in a human clinical setting (60) .
Myocardial infarction, peripheral arterial occlusive disease with critical ischemia (with resultant, difficult to heal, lower extremity wounds), and stroke are the most important clinical consequences of end-stage occlusive vascular disease, for which current therapies often prove inadequate, and treatment remains palliative. Thus, the development of regenerative methods using stem cell therapy could hold unprecedented prospects (61) . Additional studies are required to fully understand the potential of AMhMSCs in the realm of cell therapy strategies. Their inducible angiogenic potential could result in a new therapeutic approach, including tissue-engineered vascular grafts, to treating various forms of ischemic vascular disease.
Therapeutic angiogenesis might be a strategy to restore tissue damaged because of myocardium infarction, peripheral occlusive vascular disease, and other angiopathies. To develop future treatments using regenerative medicine, the currently reported yield of AM-hMSCs results from a very small area, about 1/325 of the total area of the AM. This result, and that both collagenase and trypsin, which have been used throughout the initial steps of cell isolation, are currently available as guanosine monophosphate (GMP)-grade enzymes, suggests that a remarkable potential for upscaling the overall procedure for clinical use can be envisioned (62) . Cryopreserved gAM-AF was developed using a proprietary technique-now called AmnioGenic therapy-that granulated the amnion in an effort to preserve its structural properties in an injectable form. This "microscaffold" created by the granulated tissue matrix includes the proteins, carbohydrates, lipids, hyaluronic acid, growth factors, and other chemical compounds naturally present in AF and amniotic tissue to provide an in vivo wound covering derived from those components essential for fetal growth and development.
As with most observational investigations, we recognize a number of methodological limitations that could threaten the validity of our conclusions. For instance, we did not compare the use of the amnion allograft with that of any other therapy. Also, comparisons with historical (previously published) controls are always subject to bias and difficult to interpret. Furthermore, the surgeons applying the intervention also performed the wound measurements and were fully aware of the treatment and aims of the investigation. We could not distinguish between the therapeutic influence of other interventions, such as the use of the lymphedema compression pump, and that of the allograft. Finally, we did not measure subjective patient satisfaction or foot-related quality of life using a valid health measurement instrument, although our aim was to measure wound healing in the clinical setting.
In conclusion, gAM-AF is a cryopreserved structural tissue matrix derived from AM and AF developed for clinical use to fill soft tissue defects and bone voids and as an anti-inflammatory and antibacterial wound covering. From our understanding of the existing data, and our experience with the patients described in the present report, we believe that gAM-AF represents a safe and useful treatment alternative for the management of recalcitrant wounds of the lower extremities. We also believe that the results of our observational study could be useful in the development of future randomized controlled trials and prospective cohort studies focusing on the treatment of difficult lower extremity wounds.
